The human population is growing rapidly which increases pressure on livestock to meet the animal products (milk, meat, wool etc.) demand. For the higher productivity of livestock, it is essential to provide green fodder to the livestock. The poor quality green forages not only reduce milk productivity but also affect animal health. The green forage quality plays a key role in economical ruminant production. Forage quality depends mainly on its genetically trait, however, it can be improved by implying improved agronomic practices viz., timely/adequate tillage operation, optimum nutrient management, sowing at right time with adequate seed rate, intercropping system, timely water management, weed management and harvesting at right stage etc. The green biomass yield is significantly influenced by tillage operations. The right source and dose of nutrient is important for the production of quality fodder. Addition of nitrogen to soil increases the fodder yield as well as protein content. Delayed sowing generally increases the crude protein and fiber content but decreases the crude fat. Crop density is positively related to forage yield and crude fiber, however, crude protein is negatively associated with plant density. Introducing legumes intercrops in cereal fodder improves the fodder quality as well as quantity. Forage yield follows a decreasing trend by enhancing the water scarcity, however, optimum irrigation and good quality water improves the fodder quality. Delay in harvesting decreases forage quality. Therefore, proper agronomic practices should be followed for enhanced fodder production and better nutritional value.
INTRODUCTION
Livestock production is the backbone of Indian agriculture contributing 4.4% to national gross value added at current prices during 2014-15 (Anon., 2018a) . Currently, India's share is about 15 and 17% towards world's livestock and human population which relies on 2.3 and 4.2% of world's geographical area and water resources, respectively (Kumar et al., 2012) . India holds about 56.7 and 12.5% of the world buffalo and cattle population, respectively (Anon., 2018b) . Due to the burgeoning human population and a very slow growth of livestock population, the pressure to meet the demand of livestock products is increasing day by day. The demand for milk and meat will be around 400 and 14 million tonnes, respectively in the year 2050 (Anon., 2018b) against the current scenario which is 165.4 and 7.4 million tonnes, respectively (Anon., 2018c) . Despite the fact that India hold number one position for livestock population as well as milk production but the productivity of Indian cattle is about 1000 kg/lactation which is 40-60% of world's average (Anon., 2018b) . There are several reasons for lower productivity of ruminants viz., poor health care management, poor genetic potential, scarcity of quality feeds and fodders etc..
The most common fodder crops grown in India are maize, sorghum, pearl millet, cowpea etc. in kharif season and oats, lucerne, berseem, barley and fodder mustard etc. in rabi season. Among the cultivated kharif forage crops, maize is most suitable crop for fodder as well as silage because of its high yielding ability and nutritional profile . Sorghum is hardy crop which provides food, feed and fodder security in dry land economy (Paterson et al., 2009) . It is a unique crop among the major cereals and the staple food and fodder crop for unprivileged populations of world residing primarily in the semi-arid tropics . Pearl millet is an excellent forage crop because of its lower hydrocyanic acid content than sorghum and its green fodder is rich in protein, calcium, phosphorus and other minerals with oxalic acid within safe limits (Khairwal and Yadav, 2005) . In winter, berseem fodder is highly palatable with 20 and 62% of CP and TDN, respectively . Oats is another important rabi crop which is highly nutritive forage and rich in soluble carbohydrates. Being rich in energy, it provides a quality fodder for milch animals (Verma and Jeengar, 2015) .
Under Indian situations, fodder crops are considered as abandoned crops, thus mainly grown in unfertile and under stress condition which resulted into inferior quality of herbages (Kumar, 2016) . Nutritional quality of fodder crop mainly depends on its genetic traits, however, it can be improved by various agronomic practices viz., tillage operation, nutrient management, sowing time, seed rate, intercropping system, water management, weed management and stage of harvesting etc. In this communication, improvement in yield and quality of cultivated fodders through agronomic practices has been dealt with.
FODDER PRODUCTION SCENARIO IN INDIA
The current availability in India for green fodder and dry forage is 400.6 and 466 million tonnes (Anon., 2018d) . The demand will reach to 1012 and 631 million tonnes of green fodder and dry forage by the year 2050, respectively. At the current level of growth in forage resources, there will be 18.4 and 13.2% deficit in green and dry fodder in the year 2050, respectively. To meet out the deficit, green forage supply has to grow @ 1.69% annually (Anon., 2018b) . The demand of crude protein (CP) and total digestible nutrient (TDN) by the year of 2050 has been depicted in Fig. 1 .
To meet the current level of livestock production, the deficit in all components of fodder, dry crop residues and feed has to be met either from increasing productivity, utilizing untapped feed resources, increasing land area (may not possible due to human pressure for food crops) or through imports (Anon., 2018b) . The total area under cultivated fodder is only 8.4 m ha which is not sufficient to meet the needs of the growing livestock population (Mohan et al., 2017) . The economics of milk production is mostly dependent on the quality of forages fed to the animals. Feed alone constitutes 60% of total recurring cost (Paul et al., 2014) , hence, fodder based cheaper feeding strategies are required to reduce the cost of livestock products. Forage quality is affected by a combination of numerous factors such as maturity stage of forage, forage species, environmental conditions (temperature, sunlight, relative humidity and precipitation etc.) and agronomic treatments including storage conditions (Jancik et al., 2009 ). Forage quality is a broader term which includes palatability, digestibility, intake, nutrient content, anti-quality factors and animal performance. In simple words, it is the potential of forage to produce the desired animal response. Various agronomic methods have been suggested as a strategy to improve the quality status of fodder crops to improve the animal productivity (Fig 2) .
AGRONOMIC INTERVENTIONS AND FORAGE YIELD
The aim of agronomic interventions is to boost herbage yield through the enhancement of productivity of cultivated fodder. It is explicit that productivity of forage crops could be enhanced by proper implementation of agronomic interventions. Agronomic practices starts with tillage including primary and secondary tillage and deep and conventional tillage yielded higher productivity (315.9 and 301.1 q/ha, respectively) over zero tillage (223.1 q/ha) (Ayub et al., 2003) . Second important point is the selection of suitable varieties. The varieties selected should have early fast growth along with high leaf to stem ratio (Kumar et al., 2017c) . Plant population in the field is maintained by proper seed rate. Use of proper seed rate recommended for particular agro-climatic situations will give higher productivity and better quality (Kumar et al., 2016a) . Further, growth of any crop and particularly fodder crops is affected by temperature during growing season. The accumulation of proper growing degree days (GDDs) will be governed by sowing crops in the proper windows. If we sow the crops in wrong window, productivity will be reduced drastically (Kumar et al., 2016b) . Significantly higher total dry matter yield of fodder turnip (81.7 q/ha) was obtained with 150 kg N/ha as compared to control Paul et al., 2014) . Other than major plant nutrients, micro nutrients particularly zinc plays important role in plant metabolism and enhances the forage yield if we apply at proper time and in right doses (Kumar et al., 2016c) . Likewise, water management in terms of quality of water and proper scheduling of irrigation will augment the productivity of forages Makarane et al., 2017) . Harvesting management practices also affect fodder yield of different crops and it was noticed that early harvest before flowering resulted in lower dry matter yields (Mohajer et al. 2012) . Application of 180 kg N/ha, Pendimethalin @ 1.0 kg ai/ha with two hand weeding improved the fodder and nutrient yield in mustard fodder (Paul et al., 2014) . Data on fodder yield as influenced by various agronomic interventions have been presented (Table 1) .
AGRONOMIC INTERVENTIONS AND NUTRIONAL WORTH OF FORAGE CROPS Tillage operations
Tillage method is considered as one of the major factors for increasing the yield on per unit area basis (Ayub et al., 2003) . Deep tillage produced higher DM (17.88%) of fodder sorghum than zero tillage (15.81%) but statistically at par with conventional tillage (16.90%). Higher DM percentage in the tilled plots might be due to more competition between plants for water because of having greater number of plants in these plots (Ayub et al., 2003) . However, ash, protein and fiber content were not influenced by various tillage treatments (Ayub et al., 2003) . The CP content was similar between conservation and minimum tillage systems (Kakabouki et al., 2014) . The CP and fiber contents of oats fodder under conventional and zero tillage were similar (Kumar, 2016) .
Nutrient management
Excessive and imbalanced use of chemical fertilizers affect the soil health adversely and causes a decrease in organic carbon by reducing the microbial flora in the soil and increased use of nitrogen fertilizer contaminates the water bodies thus affecting fish fauna and posing a health hazard for humans and animals (Rahman et al., 2008) . Nitrogen management is the most important factor for optimum growth and development of turnip as it affects root DM, root CP, leaf DM yield and leaf CP content (Soheir et al., 2012) . The application of slurry to cropland is an attractive option for its disposal because the physical properties of the soil are improved and nutrients are supplied (Mosquera et al., 2000) . Positive effects of recommended fertilizer doses on DM yield and forage quality was reported by Sahar et al. (2005) . Islam et al. (2010) showed that the application of approximately 70 kg/ha of biogas slurry as a source of N improved DM by 10.84%, CP by 17.45% and ash contents by 36.4% in maize fodder as compared to no slurry application. Among the varying sources, urea gave the lowest CP content (7.0%) in leaf as compared to other nitrogen sources viz., ammonium sulphate nitrate (8.76%), NPK (8.29%) and ammonium sulphate (7.40%) (Amin et al., 2011) . The effects of nutrient management practices Table 2 .
Fodder cultivar
The variety is the monetary input which plays a crucial role in the production of qualitative fodder. The process of selection and improvement of new varieties with better nutritive characteristics and productivity is enabled by wild population's examination (Boller and Greene, 2010) . Kaur et al. (2013) observed that RD 2552 had higher content of CP (25.4%), ash contents (11.0%) and DM digestibility (79.67%), however, lower EE level (2.56%) was attained in same cultivars. Prajapati et al. (2017) tested four varieties viz., PC-1080, CSV-15, CSV-23 and CSv-28 during kharif season (2015) and revealed that the variety PC-1080 (Partap Chari 1080) recorded significantly higher nitrogen content and its uptake, CP, total ash and EE over rest of the genotypes except CSV-23
Date of sowing
Date of sowing is one of the important factors for higher production as it determines the optimum time of sowing of the crop (Singh et al., 2017b) . Noworolnik (2013) revealed that delay in sowing of dual purpose barley increased the protein content in grain. Dar et al. (2014) reported that CP (11.62%) and CF (34.31%) contents in oats were higher with delayed sowing (5 th November) in comparison to early sowing (5 th October) where CP and CF were recorded to be 7.56 and 33.68% respectively. Joorabi et al. (2015) found that delayed sowing (11 th July) of fodder sorghum resulted in increased CF content by 1.43% and EE content decreased by 14.97% over 10 th June sowing. Sowing of Forage yield and nutritional characteristics as affected by agronomic practices turnip fodder at optimum time produced higher green fodder and root yield whereas delayed sowing resulted in poor growth and yield .
Seed rate
Multi-environmental, cultural and genetic factors were reported to influence maize forage yield and quality. Among these, plant density and nutrient management are of prime importance . Forage maize responds differently to plant densities under different environmental and cultural factors which influence maize forage yield and quality . Density affected forage yield and most of its quality components positively (Carpiciet et al., 2010) . However, Widdicombe and Thelen (2002) reported that CP content of forage maize was negatively associated with plant density. Kumar et al. (2017a) reported that all the quality parameters of fodder maize were found statistically at par while lower levels of fiber fractions when seed rate was 60 kg/ha. Use of seed rate @ 45 kg/ha recorded highest NFE content (52.02%) as compared to 30 and 35 kg/ha (50.63 and 51.13%, respectively) (Prajapati et al., 2017) . The seed rate did not influence CP content of maize fodder (Mahdi et al., 2012; Subrahmanya et al., 2017) . The NDF content of fodder maize increased from 57.44% in 45 kg/ha seed rate to 65.16% in 90 kg/ha seed rate (Subrahmanya et al., 2017) . Row spacing Pholsen and Somsungnoen (2004) reported that widest spacing (50 × 25 cm) showed the highest CP content (8.41%) as well as DM digestibility (60.25%) of forage sorghum among all imposed row spacing treatments. Though, NDF was not affected by adopting various spacing. Plant spacing (15, 20 and 25 cm) had no significant effect on yield, root and shoot fresh weight and shoot dry weigh of three fodder beet cultivars (Voroshenger, Anisa and Polyproductiva) as reported by Khogali et al. (2011) . Row spacing of 45 and 60 cm were corroborated with higher values of CP content (7.11 and7.14%, respectively) as well as CF content (22.62 and 24.03%, respectively) as compared to 30 cm row spacing (Manjunath et al., 2013) . Al-Jawabi et al. (2014) observed significant variability in fodder quality traits except protein content of shoot while studying varying row spacing.
Inter-cropping system
Intercropping has been reported a unique asset for tropical and subtropical areas and now is becoming popular among small farmers . Adoption of suitable intercropping involving grasses and range legumes resulted in increased fodder production with sustaining soil fertility and also helped in positive ecological niches (Naugraiya, 2005) . Corn-legume intercrops increased forage quantity and quality while decreasing requirements for protein supplements compared with the corn monocultures (Liu et al., 2006) . Javanmard et al. (2009) reported that intercropping of legumes with corn increased digestibility of the forages. Intercropping corn with legumes for silage is a feasible strategy to improve CP level (Zhu et al., 2011) . The significant effects of different intercropping systems on forage quality were also observed by some other researchers (Table 3) .
Mulching
The beneficial effects of mulch on crop growth include reducing evaporation (Taban and Naeini, 2006) , conserving soil moisture content (Athy et al., 2006) , reducing soil temperature (Duppong et al., 2004) and increasing plant nitrogen and potassium content (Wang et al., 2008) . Application of 3 to 6 t/ha mulch in saline soil increased forage production and feed quality of Panicum maximum and Sesbania grandiflora (Kusmiyati et al., 2016) .
Water management
The irrigation intervals had significant effect on yield components and forage yield and qualitative traits of sorghum (Moosavi et al., 2011) . Sasani et al. (2004) revealed that irrigation intervals had significant effects on total protein and DCP while on the other hand irrigation volume had significant effects on fodder yield, plant height, metabolisable energy, DCP, DDM, CP, water soluble carbohydrates and ADF. The maximum values of CF (37.35%), CP (9.13%) and total ash (14.4%) of oats forage were observed in the treatment of six irrigations scheduled at 21, 35, 42, 56, 70 and 84 DAS (Tahir et al., 2014) . Jafarian et al. (2016) reported that the forage yield followed a decreasing trend by enhancing the water scarcity. Surfactant application at limited irrigation treatments (75 and 50% irrigation) increased CP yield, reduced NDF and water soluble carbohydrates percentage. Increasing the productivity of water and making safe use of poor quality water (saline and alkali) plays a vital role in easing competition for scarce fresh water resources, prevention of environmental degradation and provision of food and fodder security (Makarana et al., 2017a; Makarana et al., 2017b) . Soni et al. (2016) observed reduction in CP content by increasing residual sodium carbonate (RSC) level (RSC 5 to 10 meq/L) which could partially be due to reclamation by gypsum amended water of RSC 10. They also reported the increased value of ash, NDF and ADF contents with increasing RSC from 5 to 10 meq/L.
Weed management
Apart from yield reduction, the presence of weeds may deteriorate the quality of fodder and may cause some health problems or adversely affect the quality of milk due to their deleterious factors present in it (Paul et al., 2014) . The use of herbicides has great scope in fodder crops as they provide effective control of weeds and when applied at normal doses do not have any adverse effect on palatability of fodder and animal health . Application of pendimethalin + 1 hand weeding (HW) showed higher green forage yield (444.4 q/ha) over weedy check and remained at par with other treatments . Similarly, pendimethalin + 1 HW application resulted in highest CP (8.2%) and total ash (13.1%) content over Table 4 .
Stage of harvesting
Maturity is an important pre-harvest factor for fodder crops that affects nutrient content and digestibility of forages (Lynch et al., 2013) . Dahmardeh et al. (2009) revealed that harvesting at milky stage gave higher fodder quality of maize + cowpea intercropping system as compared to dough stage. The CP content decreased with stage of maturity while ADF and NDF contents of root increased (Albayrak and Yuksel, 2010) . Mohajer et al. (2012) reported that booting stage (first phenological stage) was the most desirable in quality traits among three growth stages (booting, milking and seed maturity). Shehzad et al. (2012) revealed that quality parameters of fodder maize were significantly influenced by harvesting times. By 20 days delay in harvest, dry matter (33.75%), dry matter yield (16.88 t/ha), green fodder yield (76.99 t/ha) and CF (32.17%) increased while crude fat (2.08%), CP (7.84%) and ash (8.60%) contents decreased under same stage of harvest.
Agronomic interventions and digestibility of fodder
Digestibility is an important factor of the nutritive value of feed and fodders for animal production. It refers to the extent to which any feed/feed component HC-136 and J.Sel-10 (2005) is digested by an animal. Calabro et al. (2005) showed that digestibility of fresh forage was higher as compared to silage and hay while gas production was lower in fresh forage than in preserved forages with similar production of volatile fatty acids. Vaswani et al. (2015) observed higher in vitro dry matter digestibility (IVDMD) and in vitro organic matter digestibility (IVOMD) in HQPM 7 and HQPM 9 varieties. The values of forage yield, chemical composition and IVDMD/IVOMD of different leguminous nonleguminous crops have been reported (Chander Datt et al., 2006; Chander Datt et al., 2009) . Zailan et al. (2016) reported that dwarf Napier had the highest in vitro digestibility compared to other tested cultivars (Common, Silver and Red). The hybrid napier variety APBN1 had maximum IVDMD (57.87%) at 30 days while minimum (51.40%) at 60 days of harvesting (Jagadeesh et al., 2017) . Gate et al. (2018) recorded higher IVDMD with GB × GBN-2001-4-2 (58.36%) followed by GB × FD-476 (56.97%). The significant effect on in vitro forage quality due to various agronomic practices has been reported (Table 5) . CONCLUSIONS Agronomic interventions not only affect the productivity but also influence the quality of green fodder. Imbalanced use of chemical fertilizers affects the quality parameters adversely. Recommended dose of fertilizers has positive effects on DM yield and forage quality. Proper plant density should be maintained to get optimum forage yield and quality. Mixed and intercropping helps in improving the overall nutritional worth of biomass. Likewise proper harvesting will determine the level of dry matter, moisture and fiber fractions. The quality of irrigation water and amount of water is important as they decide level of stress on fodder crops. Apart from yield reduction, the presence of weeds may deteriorate the quality of fodder and may cause some health problems or adversely affect the quality of milk, so proper weed management is equally important for weed management. Therefore, ideal agronomic practices should be employed for better fodder yield and nutritional worth.
